The crystal structure of nabalamprophyllite-2O, an orthorhombic polytype of nabalamprophyllite, ideally (BaNa) Na 3 -O> = 2.82 Å. The TS block and the I block [which ideally is a layer of (BaNa) atoms] alternate along a. The ideal formula of nabalamprophyllite-2O is (BaNa) Na 3 Ti 3 (Si 2 O 7 ) 2 O 2 (OH) 2 , in accord with the general formula of nabalamprophyllite-2M, Ba Na Na 3 Ti 3 (Si 2 O 7 ) 2 O 2 (OH) 2 , space group P2/m, previously known as nabalamprophyllite. The structure topology of nabalamprophyllite-2O differs from that of nabalamprophyllite-2M in (1) disorder/order of the A P cations in the I block, and (2) different stacking order of TS blocks. In nabalamprophyllite-2O, Ba and Na atoms are disordered at one A P site; in nabalamprophyllite-2M, Ba and Na atoms are dominant each at one of two A P sites. The difference in stacking order of TS blocks in nabalamprophyllite polytypes is identical to that in lamprophyllite-2O and lamprophyllite-2M. In Ti disilicates with the TS block, hainite, (Ca 3 REE) Na (NaCa)Ti (Si 2 O 7 ) 2 OF 3 , and rinkite, (Ca 3 REE) Na (NaCa)Ti (Si 2 O 7 ) 2 OF 3 , can be considered as polytypes.
The TS block and the I block [which ideally is a layer of (BaNa) atoms] alternate along a. The ideal formula of nabalamprophyllite-2O is (BaNa) Na 3 Ti 3 (Si 2 O 7 ) 2 O 2 (OH) 2 , in accord with the general formula of nabalamprophyllite-2M, Ba Na Na 3 Ti 3 (Si 2 O 7 ) 2 O 2 (OH) 2 , space group P2/m, previously known as nabalamprophyllite. The structure topology of nabalamprophyllite-2O differs from that of nabalamprophyllite-2M in (1) disorder/order of the A P cations in the I block, and (2) different stacking order of TS blocks. In nabalamprophyllite-2O, Ba and Na atoms are disordered at one A P site; in nabalamprophyllite-2M, Ba and Na atoms are dominant each at one of two A P sites. The difference in stacking order of TS blocks in nabalamprophyllite polytypes is identical to that in lamprophyllite-2O and lamprophyllite-2M. In Ti disilicates with the TS block, hainite, (Ca 3 REE) Na (NaCa)Ti (Si 2 O 7 ) 2 OF 3 , and rinkite, (Ca 3 REE) Na (NaCa)Ti (Si 2 O 7 ) 2 OF 3 , can be considered as polytypes. and barytolamprophyllite-2M (C2/m). Hence, Johnsen (1996) introduced a polytype nomenclature for the lamprophyllite group and described the main features of these structures. Structure work of Krivovichev et al. (2003) on lamprophyllite-2M and lamprophyllite-2O confirmed the findings of Johnsen (1996) . Polytypism is common in Ti disilicate minerals with the TS block. In this paper, we present the structure of the orthorhombic polytype of nabalamprophyllite as a continuation of our work on Ti disilicate minerals with the TS block [delindeite (Sokolova & Cámara 2007) , barytolamprophyllite (Sokolova & Cámara 2008) , nacareniobsite-(Ce) (Sokolova & Hawthorne 2008) ]. The crystal of nabalamprophyllite-2O was taken from a sample of bornemanite from the Yubileinaya vein, Karnasurt Mountain, Lovozero alkaline massif, Kola Peninsula, Russia, purchased from D.I. Belakovsky. Chukanov et al. (2004) described a new member of the lamprophyllite group, nabalamprophyllite, from two localities in Russia: the Inagli alkalineultrabasic massif, Yakutia (holotype), and the Kovdor alkaline-ultrabasic massif, Kola Peninsula. Prior to the description of this new mineral, Rastsvetaeva & Chukanov (1999) had reported on the crystal structure of nabalamprophyllite using the name "a new high- Sokolova (2006) . In the mineral formulae presented above, brackets indicate that atoms substitute for each other at one crystallographic (A) site, e.g., Na substitutes for Sr in lamprophyllite and K substitutes for Ba in barytolamprophyllite. Lack of brackets indicate that two atoms occupy two different A sites, e.g., Ba and Na order at the A(1) and A(2) sites (see below). The crystal structures of lamprophyllite and barytolamprophyllite were solved in space group C2/m by Woodrow (1964) and Peng et al. (1984) , respectively. There were numerous speculations in the literature that lamprophyllite could be both monoclinic and orthorhombic (Gossner & Drexler 1935 , Moore 1971 , Peng & Chang 1965 . For example, TEM observations and X-ray powder (Rietveld) data on lamprophyllite and barytolamprophyllite samples from the Gardiner Complex, East Greenland, reported by Johnsen (1996) , showed that three polytypes could be identified: Sokolova (2006) established the relation between structure topology and chemical composition for those minerals and divided them into four groups, characterized by different topology and stereochemistry of the TS block. Each group of structures has a different linkage of H and O sheets in the TS block and a different arrangement of Ti (= Ti + Nb) polyhedra. In a structure, the TS block can alternate with another block, which is an intermediate (I) block, as it is intercalated between two TS blocks. In Groups I, II III and IV, Ti equals 1, 2, 3 and 4 apfu, respectively. In Group III, there are six minerals. Sokolova (2006) showed that three minerals of Group III, lamprophyllite (two polytypes are designated as lamprophyllite-2O and lamprophyllite-2M; The interlayer cations constituting the I block must have a total charge of 3+ to satisfy the negative charge of the TS block (see ideal formulae above). In lamprophyllite (Krivovichev et al. 2003) and barytolamprophyllite (Sokolova & Cámara 2008) , the interlayer cations are disordered over one specific site, and they are (SrNa) and (BaK), respectively.
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ExPErimEnTal dETailS
Electron-microprobe analysis
One fragment of the crystal of nabalamprophyllite-2O used by us for the structure refinement was analyzed with a Cameca SX-100 electron microprobe operating in wavelength-dispersion mode with an accelerating voltage of 15 kV, a specimen current of 20 nA, a beam size of 10 mm, and count times on peak and background of 20 and 30 s for major and minor elements (<1 wt. %), respectively. The following standards and crystals were used for K or L X-ray lines: fluororiebeckite: F, jadeite: Na, barite: Ba, diopside: Si, Ca, fayalite: Fe, spessartine: Mn, orthoclase: K, titanite: Ti, zircon: Zn, BaNaNbO 4 : Nb, forsterite: Mg, strontianite: Sr, andalusite: Al. Data were reduced using the PAP procedure of Pouchou & Pichoir (1985) . The chemical composition of nabalamprophyllite-2O is given in Chukanov et al. 2004) .
Data collection and crystal-structure refinement
A single crystal of nabalamprophyllite-2O was mounted on a Bruker P4 diffractometer with a CCD 4K Smart detector and MoKa radiation. The intensities of reflections were collected to 60.01° 2u using 30 s per 0.2° frame, and an empirical absorption correction (SadabS, Sheldrick 1998) was applied. The refined unit-cell parameters (Table 3) were obtained from 5627 reflections with I > 10sI. As there were hardly any observed reflections at high 2u, refinement of the structure was based on 4433 intensities of reflections with 2u ≤ 50° and -23 ≤ h ≤ 23, -7 ≤ k ≤ 8, -6 ≤ l ≤ 6. On the basis of 669 unique observed reflections (F o > 4sF), the crystal structure of nabalamprophyllite-2O was refined using the atom coordinates of lamprophyllite-2O (Krivovichev et al. 2003) in the space group Pnmn with the Bruker SHElxTl Version 5.1 system of programs (Sheldrick 1997) to R 1 = 5.1% and a GoF of 1.26. Scattering curves for neutral atoms were taken from the International Tables for Crystallography (1992) . The R indices are given in Table 3 , and are expressed as percentages. Site occupancies for the M H and M O (1), M O (2) and M O (3) and A P sites were refined with the scattering curves of Ti, Na and Ba, respectively. At the last stages of the refinement, six peaks with magnitudes from 6 to 1.8 eÅ -3 were found in the difference-Fourier map; they were labeled
and Si m sites, each with approximately the same x coordinate as the namesake atom in the basic structure model. These subsidiary peaks were attributed to the presence of nabalamprophyllite-2M domains. Refined site-occupancies of subsidiary positions vary from 8 to 14%; we can estimate the presence of 2M domains as approximately 10% of the volume of the crystal. The shifts of the subsidiary peaks along the c axis are 1.54 Å for the cations of the O sheet, and 2.4 Å for the cations of the H sheet and the A P cations. Similar subsidiary positions were reported for the lamprophyllite-2O structure due to the stacking faults common for the 2O polytype (Krivovichev et al. 2003) . Details of the data collection and structure refinement are given in Table 3 , final atom and subsidiary atom parameters are given in Table 4 , selected interatomic distances and angles in Table 5 , refined sitescattering values and assigned populations for selected sites in Table 6 and bond-valence values in 
dESCriPTiOn OF THE STruCTurE
Cation sites
We describe cation sites in the crystal structure of nabalamprophyllite-2O and compare them with corresponding sites in the crystal structure of nabalamprophyllite-2M (Rastvetaeva & Chukanov 1999) . Note that the crystal structure of nabalamprophyllite-2M has lower symmetry, P2/m (maximum equipoint rank of 4), than all other minerals of the lamprophyllite group, lamprophyllite (Pnmn and C2/m), barytolamprophyllite (C2/m) and nabalamprophyllite-2O (Pnmn), all of which have space groups of maximum equipoint rank of 8. Therefore, the number of individual sites in nabalamprophyllite-2M is twice that of the other four structures listed above.
H sheet: In the crystal structure of nabalamprophyllite-2O, there is one tetrahedrally coordinated site occupied by Si with a <Si-O> distance of 1.631 Å. Table 7 ) or, ideally, +3. At the A P site, Ba 2+ > (Sr 2+ + Ca 2+ ), Na + > K + , and we write the ideal composition of this site as (BaNa) with a charge of +3, which is in close accord with the aggregate charge in the empirical formula. Although Sr 2+ > Na at the A P site, the actual charge at the site, +3.2, does not allow us to write its ideal composition as (BaSr) with a total charge of +4. There are ten A P -O distances less than 3 Å (Table 5) , and one longer distance, A P -O(1) = 3.14(1) Å. We consider the A P site as being [10]-coordinated, with a < [10] A P -O> distance of 2.82 Å. In nabalamprophyllite-2M, there are four A P sites. There are two [11]-coordinated A P sites: the Ba site is occupied by 2.0 Ba with <Ba-O> 2.83, and the M(1) site is occupied by Ba 0.66 Na 0.60 K 0.24 Sr 0.10 □ 0.40 with <M(1)-O> 2.87 Å ; there are two sites 20% occupied by Na, Na(2) and Na(3) (Rastsvetaeva & Chukanov 1999) . Chukanov et al. (2004) considered the M(1), Na(2) and Na(3) sites as an aggregate site and redefined the composition of the M(1) site as Na 1.00 Ba 0.66 K 0.24 Sr 0.10 . The aggregate charge of the I block is +3.37 (Table 2) , and it can be written ideally as BaNa (Sokolova 2006) . [The lack of parentheses indicates that Ba and Na are dominant at two crystallographically distinct A sites (each gives 1 apfu), and do not substitute for each other at one A site.]
Anion considerations
There are six anion sites. The four sites O(2)-O(5) are occupied by O atoms, which constitute the tetrahedral coordination of the Si atoms (Tables 4, 5, 7). There is one O site, O(6), which is the common anion for the M H polyhedron and three octahedra of the O sheet: M O (2) and two M O (3) ( Table 7 ). The O(1) site receives a bond-valence of 1.14 vu (Table 7) , and hence is dominated by monovalent anions. The chemical analysis gives F 0.65 apfu (Table 2) , and to satisfy the electroneutrality requirements, we assign OH 0.89 F 0.65 O 0.46 to this site. As monovalent anions are dominant at this site and OH > F, the site is ideally (OH) 2 .
Structure topology
In the Ti disilicate minerals (Sokolova 2006) , the TS block consists of HOH sheets, where H represents a heteropolyhedral sheet including (Si 2 O 7 ) groups, and O represents a trioctahedral close-packed sheet. (Fig. 1a) . Along the a direction, the TS blocks alternate with layers of A P atoms, which constitute the I (intermediate) block. Adjacent HOH layers are related by an n glide plane parallel to (100) or by the 2 1 screw axis parallel to [010] (or both). The crystal structure of nabalamprophyllite-2O is topologically identical to that of lamprophyllite-2O (Krivovichev et al. 2003) .
rElaTEd POlyTyPES
Nabalamprophyllite-2M
Because of the discovery of nabalamprophyllite-2O, we consider the previously described nabalamprophyllite (Chukanov et al. 2004) Fig.  1b ). There is, however, an ambiguous situation with nabalamprophyllite-2M. Figure 1 shows a general view of the crystal structures of nabalamprophyllite-2M and lamprophyllite-2M. The relation between lamprophyllite-2O and lamprophyllite-2M was discussed in detail by Krivovichev et al. (2003) (Fig. 1c) . When we compare Figures 1a and  1c , we can see that TS blocks (HOH blocks) are related by elements of symmetry, e.g., an n glide plane and a 2 1 screw axis. In nabalamprophyllite-2M (Rastsvetaeva & Chukanov 1999) , (1) adjacent TS blocks are distinct and are not related by any elements of symmetry, and (2) Ba and Na are ordered at two distinct A P sites. The occurrence of nabalamprophyllite-2O (in which Ba and Na are disordered at one A P site) suggests that there is a possibility of finding nabalamprophyllite-2M with C2/m symmetry where Ba and Na are disordered at one A P site, similar to lamprophyllite-2M with C2/m symmetry, where Sr and Na are disordered at one A P site (Krivovichev et al. 2003 ).
Hainite and rinkite
There have been recent studies on polytypic relations in Ti disilicate minerals (Christiansen et al. 1999 , Christiansen & Rønsbo 2000 and new structure work on Group-I minerals (as defined by Sokolova 2006): götzenite, hainite, seidozerite, grenmarite, kochite and rosenbuschite (Christiansen et al. 2003 ) and rinkite. Sokolova & Hawthorne (2008) studied the crystal structure of another mineral from Group I, nacareniob- site-(Ce), a Nb analogue of rinkite. They showed that nacareniobsite-(Ce) has space group P2 1 /c, which is in accord with the rinkite structure by Galli & Alberti (1971) . We consider hainite and rinkite (see Table  1 ) as another example of a polytypic relation. Both minerals share the ideal formula (Ca 3 REE) Na (NaCa) Ti (Si 2 O 7 ) 2 OF 3 (Sokolova 2006) , and the topology of the TS block is identical, as they both belong to Group I. Hainite and rinkite have an O sheet of the form Na (NaCa) Ti OF 3 and an H sheet of the form (Ca 3 REE) Ti (Si 2 O 7 ) 2 (including A P sites). In hainite, there is one TS block per unit cell and adjacent TS blocks are related by an inversion center (the O sheet orientation does not change). In rinkite, there are two TS blocks per unit cell, and adjacent TS blocks are related by the 2 1 screw axis parallel to [100] (the O sheet orientation changes).
Hainite and rinkite can be considered as 1T (triclinic) and 2M (monoclinic) polytypes, respectively.
Summary
(1) An orthorhombic polytype of nabalamprophyllite has been described with the space group Pnmm, nabalamprophyllite-2O, ideally (BaNa) Na 3 Ti 3 (Si 2 O 7 ) 2 O 2 (OH) 2. In the I block, Ba and Na are disordered at one unique A P site. The crystal structure is identical to that of lamprophyllite-2O.
(2) Previously known nabalamprophyllite (Rastsvetaeva & Chukanov 1999 , Chukanov et al. 2004 ) is a monoclinic polytype, nabalamprophyllite-2M, ideally BaNa Na 3 Ti 3 (Si 2 O 7 ) 2 O 2 (OH) 2 , space group P2/m . In the I block, Ba and Na are ordered at two distinct A P sites.
(3) There is a possibility of finding a monoclinic polytype of nabalamprophyllite-2M with C2/m symmetry where Ba and Na are disordered at one A P site (analogous to lamprophyllite-2M).
(4) Hainite and rinkite, both ideally (Ca 3 REE) Na (NaCa)Ti (Si 2 O 7 ) 2 OF 3 , are 1T (triclinic) and 2M (monoclinic) polytypes, respectively. 
